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(oals of the talk

Meant to generate discussion and audience input

¢ What was asked of theory group members:
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What do you think are the most interesting experiments that the entire particle physics field
should pursue in the next 10 years?

What role do you see for ANL in these efforts? Which are the most important to pursue and why?

How would your research direction be affected if ANL got involved in these experiments?

¢ Additional item answered: what measurements do you

think it is important to pursue at the LHC+upgrades?
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Big questions

What is the origin of electroweak symmetry breaking?
What comprises the dark sector of the universe?

What explains the matter-antimatter asymmetry in the
universe:?

Is there an explanation for the differences in the quark
and lepton flavor sectors? Why does an extreme range
of Yukawa couplings exist?



Experimental hints

¢ Excellent agreement of LEP/SL.C data with Standard
Model = severe restriction on SM extensions

¢ Convincing evidence for dark matter

Measurement Fit 10™Meas_Qff/gmeas

o 1 2 3

m,[GeV] 91.1875x0.0021 91.1874

I,[GeV]  2.4952:0.0023  2.4959

or.q[nb] 415400037  41.479

R, 20.767 £ 0.025  20.742

AY 0.01714 + 0.00095 0.01645

R, 0.21629 = 0.00066 0.21579

R, 0.1721 £ 0.0030  0.1723

AP 0.0992 = 0.0016  0.1038

ASS 0.0707 £ 0.0035  0.0742

A, 0.923 = 0.020 0.935

A, 0.670 = 0.027 0.668

A(SLD) 0.1513£0.0021  0.1481 |——
m, [GeV] 173.3 = 1.1 173.4 )




LHC studies
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Obvious things at the LHC

Find or exclude the SM Higgs!

Are there any new resonances?
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WW scattering (Cosmas)

¢ Strongest theoretical argument needing a Higgs;
without one, need something else to unitarize. Answer
likely to be encoded in WW scattering.
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Study WW scattering in vector-boson fusion; look for
deviations from SM

€

High luminosity measurements=keep pursuing LHC



Unexpected opportunities (k.d,
Qinghong)

¢ New physics with big cross sections, low backgrounds
could be discovered early; don’t miss them!

¢ Example: color sextet, octet bosons. Color-sextets
decay to same-sign tops.
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Probes of QCD dynamics (Geott)

\/

¢ We rely on factorization for making all hadron-collider
predictions; a question whether non-relativistic QCD
describes quarkonium production at Tevatron
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Bread and butter (Seth)
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¥ Many important, fundamental measurements at
Tevatron weren’t updated at higher luminosities

A_FB consistent with SM (chi2DOF 102/12) 364 pb! ublic Note
7(>ta . o(ppbar->Z) = —
L(->tan htan e) cross sechion 264 = 23 (stat) = 14 (sys) = 15 (lum) 350 pb |
W cross se ection ' o(ppbar -> W) = 2.796 + 0.013 (stat) ',_,, bl
ith forward electrons +0.095 - 0.090 (syst) = 0.168 (lum) nb fasi g

\ Possible PDF constraint

| cross section measured in muon channel, Figures, 3/10/05, 96 pb-
suremeﬂt of W—en and Z—ee Cross Sections, Figures: 0 3 04 7 pbh-1
asurement of Z—mm Cross Section, Figures: 8/11/04, 148 ;t
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¢ Did collaborations ever attempt to monitor luminosity
with the W/Z cross section measurements?




Double-parton scattering (kd

¢ (Claim that DPS contribution can be measured in

pp—>bbjj
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Future experiments



Future linear colliders

N/

¢ Assuming Nature is kind, a future TeV-scale linear
collider will be needed to determine high-scale theory

from LHC discoveries... an obvious direction for the
division to continue pursuing.



Residuals (epd/kg/keV)

Dark matter (Jamie

\

¢ Promises to be an extremely active area for the next 10
years. Even some tantalizing hints...
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Dark matter

Dark matter searches have a strong connection with
the astrophysics group activities, and are an interest of
the theory group. How can the division become
involved? Any direct/indirect detection experiment
that we contribute to?

Can a new annual-modulation experiment to check
DAMA be performed (or is the DAMA exposure too
high to redo in finite time)?
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EDMs (Carlos)

CP violation in the SM not sufficient to explain

baryon-antibaryon asymmetry. Electric dipole
moments are an excellent probe of new sources of CP

violation.
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EDMs

Proposal in the Physics division (Z.-T Lu et al.) to use
radium to improve EDM searches; sensitivity to CP-
odd effects expected be 3 orders of magnitude stronger
than mercury. Severe restrictions on MSSM
baryogenesis.

Is there a way for HEP to get involved in this? Such
low energy precision searches provide complementary
information to what LHC tells us.
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Right now a 3.10 deviation from the SM

Theory has settled down with e*e” data from Frascati,
Novosibirsk, no need to rely on tau and isospin

Proposal to do at FINAL
with factor of 4 smaller
experimental error;
improvements in theory
would lead to 70
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Possibility of a major discovery here; interest in the
division in getting involved? Any expertise the HEP
division can offer? Overlap with the physics division?

Definite role for theory group; both in analyzing
hadronic light-by-light, thinking about how new
physics can contribute... some technically challening
problems to solve.
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What about muze? Physics case is strong.
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Conclusions

Many exciting opportunities the division could possibly
pursue.

Some (linear colliders) depend on LHC data.

Others (EDMs, g-2) can be done for low cost, and will
provide interesting complementary information to the
LHC. Potential for physics division collaboration.

We'd like to know what the rest of the division thinks!



